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AERONAUTICAL CHARTING AND MAPPING 
CHARLES 


Charting and mapping standards the United States Coast and Geodetic 
Survey are outlined this paper. Special charts needed the aviator and 
those who lay out air transport lanes and terminal facilities are classified. 
Among the specialty maps described are the Aeronautical Charts 
the United States,” world aeronautical charts, small landing charts, and the 
related problems assembling data for such purposes. 


INTRODUCTION 


The aeronautical charting program the Coast and Geodetic Survey, 
Department Commerce (USCGS), was initiated about 1930 provide 
necessary charts for aviation. Progressive cartographic developments the 
nautical charting work the USCGS, covering period more than 100 yr, 
have resulted improved charting techniques that have given the nautical 
chart its present high standard precision, and its scientific status. Because 
the similarity between nautical and aeronautical charts, the production 
the latter was also delegated the USCGS result the Air Commerce 
Act 1926 and subsequent legislative action. 

The need for special maps charts for air navigation was realized early 
when steps were taken Europe produce maps for the navigation 
lighter-than-air craft. With the limited air speeds the early days 
aviation, was possible for the aviator use standard topographic maps 
for identifying prominent landmarks navigating his plane. The British 
incorporated special features into map produced 1912 empha- 
size details pertinent the aviator. This early aeronautical map em- 
phasized roads, railways, and lakes hand coloring photoprint 
ordinance survey map scale in. mile. 

The practice using existing topographic maps, with the addition special 
information hand, continued during the early days World War but 
comments are invited for publicetion; the should submitted 
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AERONAUTICAL MAPPING 


the growth aviation during that war emphasized the need for special air 
maps. the end the war, the British had produced special air charts for 
use over the coastal areas the British Isles and special aviation map 
France. These maps are thought the first ever produced quantity 
for use the air. They conformed generally existing topographic maps 
except the simplification certain detail and the showing aeronautical 
data, such aerodromes, landing areas, and dangers navigation. Air speeds 
were slow, with flying largely confined good weather, and navigation was 
mainly contact flying piloting. 

important development the period immediately following World War 
was the International Convention Air Navigation held 1920 for the 
purpose standardizing cartographic practice simplify the problems the 
aviator when flying outside his own country. General aeronautical charts 
the scale 1:1,000,000, with larger scales for selected areas, were proposed 
and standard symbols for showing aeronautical data were agreed 
ing topographic series, such the Map the World,” were 
adapted for use the air means aeronautical overprint. These 
overprints showed aerodromes, landing areas, dangers, obstructions, pro- 
hibited areas, lines magnetic declination, and radio data. The overprint 
was reproduced conspicuous color, such red purple, but was printed 
not obliterate existing detail the map. 


CHARTING THE UNITED STATES 


the United States, the Army Air Corps first considered the needs for 
aeronautical charts the early 1920’s. When Martin and his crew 
made their round-the-world flight 1924, they accomplished their mission 
without the aid aeronautical charts. The flight was made with road maps, 
topographic maps, nautical charts, and other types—all that were then 
available. This undertaking and other activities emphasized the need for 
special charts for use aviation, and 1924, the Air Corps inaugurated 
project which included strip maps for military use covering limited 
areas operation, primarily between major Air Corps fields. The USCGS 
cooperated with the Air Corps this undertaking organizing its first 
unit for the preparation aeronautical charts. This unit produced num- 
ber strip maps covering areas miles wide along principal airways 
meet immediate demands. 1927, the printing order for strip maps was 
increased 500 copies, which represented full year’s supply. 

1929, the Federal Board Surveys and Maps recognized the problem, 
appointing committee aerial navigation maps make recommendations 
for charting program. Work was started 1930, the USCGS, the first 
the Department Commerce charts. The first series was laid out 
area basis cover the United States charts known the 
Aeronautical Charts the United The Chicago chart, pub- 
lished December, 1930, was the first issued the new series. 1935, 
all charts were completed and the Air Corps the meantime discontinued 
the use strip maps favor the new sectional charts. 
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AERONAUTICAL MAPPING 


The present-day aeronautical charting activities the USCGS include the 
compilation and printing aeronautical charts the United States, its 
territories and possessions, required for civil aviation and for military use 
where these requirements are parallel. addition, such aeronautical charts 
covering international airways are required primarily the United States 
civil aviation are compiled and printed the USCGS. 

Aeronautical charts issue 1952 totaled 1,191, including 276 standard 
and auxiliary charts, 761 instrument approach and landing charts, and 154 radio 
facility charts. Approximately 9,000,000 copies the standard aeronautical 
charts are distributed annually. addition, more than 29,000,000 the 
page-size airport and radio facility charts are issued each year. These charts 
are issued several different types and scales depending their use. Charts 
use for the United States 1952 included the sectional series the scale 
1:500,000; world aeronautical charts the scale 1:1,000,000; route 
charts the 1:2,000,000; and planning, direction-finding, local, 
instrument-approach and landing, radio-facility, and charts 
varying scales. 

The sectional charts are considered the basic all-purpose series designed 
the USCGS for contact flying, flying reference visible landmarks. 
For this reason, they include all prominent topographic features that can 
seen from the air, all air navigation aids, and many outstanding landmarks 
and other items value pilots which not appear conventional topo- 
graphic maps. 

The world aeronautical charts, the scale 1:1,000,000, were designed 
primarily for radio navigation and, being smaller scale, not show the 
completeness detail appearing the sectional charts. The route charts 
were designed especially for long-range navigation meet the requirements 
air operating high altitudes with high-speed aircraft. 
nautical charts for radio direction finding the scale 1:2,000,000 have been 
constructed for simple and quick plotting radio bearings. Planning charts 
the United States and Alaska the scale 1:5,000,000 are published for 
planning routes between distant points. 

The small approach and landing (AL) charts serve the needs the pilot 
when approaching airport instruments under conditions low visibility. 
They also serve contact charts, after breakthrough instruments, and 
airport vicinity charts. Charts the series are published for use with in- 
strument-landing systems and automatic direction-finding equipment. Each 
type chart has its primary purpose and has been developed after careful 
study has been made the problems involved. 


AERONAUTICAL CHART PRODUCTION 


Aeronautical charts constitute new development cartography with the 
primary objective providing for the needs the aviator simple and 
characteristic form possible. Primary requirements are the ready solution 
certain problems direction and distance and comprehensive indication 
intervening terrain which may gained glance. The features 
stressed are those relevant air navigation rapidly moving plane. The 
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airway route should clearly defined, and prominent landmarks either 
natural otherwise conspicuous—such the general trend railways and 
highways, their intersections, and the positions industrial landmarks—are 
clearly shown emphasized. Sinuosities streams should generalized, 
and minor roads and details that may confuse the aviator are omitted. Sim- 
plicity desired that the aviator may grasp glance the relative location 
the places which interested and which will serve him maintaining 
his course. 

From the beginning compilation until the final product placed 
the hands the pilot, constantly borne mind that aeronautical charts 
are not ordinary maps, but highly specialized charts intended for one purpose— 
provide the aviator with the simplest and most accurate instrument for 
proceeding safely any chosen destination and for identifying terrain features 
route. keeping with these requirements, many details appearing 
ordinary maps are omitted because they would only obscure details greater 
navigational importance. 

aeronautical charts require special consideration funda- 
mentals, the merits suitable system projection and proper control 
become significant respect the facility laying out courses, fixing features, 
and measuring distances. Therefore, the first step aeronautical chart 
production the determination the best framework which delineate 
true representation the earth’s surface practicable for this purpose. 
Two properties, both which are vital air navigation, are the speed and 
accuracy with which navigational problems may solved. 

selecting projection, these factors must considered: 


(a) Correct representation topographic features visible the airman 
preserving true shapes physical features, including correct angular 
relationships and the representation areas their correct relative 
proportions; 

(b) True scale values for measuring distances; and 

(c) Representation great circles straight lines. 

Other factors considered are the following: 

(d) Solution problems celestial navigation; 

(e) Determination position the air dead reckoning from accurate 
courses and distances; 

(f) Use radio bearings for position fixing; and 

(g) Junctions all adjacent sheets the same scale. 


CHART PROJECTION 


After thorough investigation, the USCGS selected the Lambert conformal 
projection for the aeronautical charts the United States. This pro- 
jection permits perfect junction between any number charts any direc- 
tion. unexcelled for distances all directions for large geo- 
graphical area, such the United States. Azimuths obtained from this 
projectioh conform closely directions the earth. The Lambert projection 
affords simple and satisfactory solution for all problems dead reckoning, 
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not excepting the rhumb line; affords simple means practical great-circle 
navigation; well suited for celestial navigation and all problems requiring 
the plotting positions; and unsurpassed for all types radio navigation. 

The meridians and parallels the earth are projected upon cone that 
intersects the surface the earth along two standard parallels. The standard 
parallels the earth and the cone coincide and along them the scale 
therefore exact. Between the standard parallels, the earth projected inward 
upon the cone, and the scale the cone somewhat smaller than the scale 
the larger earth. Outside the standard parallels, the earth’s surface pro- 
jected outward, and the scale the cone slightly larger than that the 
earth. The standard parallels true adopted for aeronautical charts 
the United States are latitudes 33° and tables have been extended 
the USCGS with additional bands for world-wide charting; and the aero- 
nautical charts published areas the Air Force employ this 
system projection. 

Marginal statute miles are printed the borders the charts 
and the meridians are graduated for use the nautical mile. border 
scales statute miles charts seale 1:1,000,000 series, and larger, 
are based the scale the central parallel the chart. Consequently, 
the distances measured these scales along the central parallel are exact, and 
the distances between points opposite sides the central parallel and equi- 
distant from are exact also, regardless the direction between 
tances can measured these projections with surprising accuracy. 

The use transverse oblique Mercator projection the production 
aeronautical charts has received considerable attention the past few years 
due the development great-circle navigation. Projection tables for each 
five degrees azimuth have been computed and published, thereby making 
world-wide coverage, based this projection, possible. The oblique Mercator 
projection has excellent properties for air navigation. selecting the pro- 
jection table that nearest azimuth that air-route scale distortion 
kept minimum, and for all practical purposes correction necessary 
for radio bearings since all straight lines closely approximate great circles. 


the projection used the aeronautical chart has been selected, 
the next step the selection the source material for the various chart 
features. source may best for roads, another for railroads, another 
for relief and drainage, and still another for city shapes. 

Only small percentage the base information that goes into its aero- 
nautical charts originates with the USCGS. This information covers areas ad- 
jacent shore lines where field surveys have been conducted the USCGS 
connection with its natural charting program. Control surveys the USCGS 
the interior serve verify and augment information from other sources. 
For most the base material that goes into the aeronautical charts, the USCGS 
must rely the mapping activities other agencies. The quadrangles estab- 
lished the Geological Survey (USGS) are the greatest single source 


AERONAUTICAL MAPPING 


topographic information. Accurate, up-to-date, topographic maps, regardless 
their source, provide the ideal information for the compilation the aero- 
nautical chart base. Unfortunately, vast areas the United States have not 
been mapped adequately. these areas, the USCGS relies information 
from wide variety sources, including county road maps and property maps, 
railroad plans and profiles, drainage maps, aerial photographs, planimetric 
maps, trigonometric leveling data, and cadastral surveys and others. 


THe AERONAUTICAL OVERPRINT 


Complete aeronautical data are furnished the Civil Aeronautics Adminis- 
tration (CAA). These data convert the map into aeronautical 
chart. They include accurate locations airports and auxiliary landing fields, 
types and facilities airports, navigational lights, radio ranges, civil airways, 
high-frequency and low-frequency radio facilities, and other aids, well 
power lines and other obstructions air navigation. 


CHART 


expression natural conditions, the finished chart delineates geo- 
features and aeronautical information partly the form reduced 
outline and partly the form symbols various addition the 
proper use conventional signs and symbols, attention given details 


such lettering, balance chart, and the number and selection charted 
details. critical study made the area charted order secure 
selection details that simple, representative, and practical. main- 
taining sense proportion and propriety, the cartographer supplies the 
artistic element indicative good charting without sacrificing any essential 
detail. 

afford maximum legibility and ready identification the air, aero- 
nautical charts are lithographed colors. lines, names, roads, and 
railroads are black; city outlines are yellow; drainage dark blue; and contours 
are brown. Gradient tints one two shades green and one five 
shades brown are employed. Aeronautical information magenta and 
offset blue. 

PLANS 


1945, the CAA requested the USCGS prepare new series for differ- 
ent purpose. Regulations the CAA prescribed maximum weight limitations 
for aircraft transport category. The weight limitations vary with the type 
aircraft, and with wind and temperature conditions, well with the length, 
elevation, and gradient the runway being used, and the locations and ele- 
vations obstructions the vicinity. was for the study these latter 
factors governing weight limitations that the series Obstruction 
was designed. The plans are also useful tools for city zoning the 
airport vicinity, and for the airport engineer planning new construction. 

Each plan shows the airport runway pattern and the location and elevation 
objects the vicinity the airport that may potential hazards air 
traffic. These objects are those that extend above several imaginary surfaces, 
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varying extent, shape, and elevation. general note each plan defines 
those surfaces. 

The official airport elevation and generalized profile each runway are 
also shown each obstruction plan. The profiles extend outward from the 
end each runway point just beyond the last potential hazards 
maximum 10,200 for noninstrument runways and 50,000 for instrument 
runways. 

Airport obstruction plans are compiled from accurate field surveys and 
recent aerial photographs, usually taken with the nine-lens camera. The field 
survey parties identify the photographs the features shown the 
plan. The elevations these features and the airport runways, the lengths 
and azimuths the runways, and the horizontal control necessary for the 
compilation the plan are also determined during the field surveys. The 
plans are compiled the Washington, C., office the USCGS from the 
aerial photographs and the ground survey data, scale in. 1,000 ft. 

Each field survey presents its interesting problems. should remem- 
bered that obstructions the approach areas and the conical section are 
defined sloping surfaces. The reconnaissance for the identification 
obstruction these areas requires methods peculiar airport obstruction 
surveys. the parts the approach areas that are visible from the runway 
ends, obstructions can readily identified setting the glide angle the 
vertical circle the instrument and scanning the horizon. elevations 
must taken identify observations other parts the area surveyed. 


stereoscopic study the aerial photographs will reveal areas where obstruc- 
tions are likely. 

Once the obstructions are identified, their elevations are determined any 
number suitable methods. great accuracy required such 
surveys. Permissible elevation tolerances are the conical section, 
the horizontal area, 1.5 the runway area, and 1.5 per 5,000 from 
runway ends the approach areas. 


CHARTING 


Requirements for aeronautical charts will changing continually for years 
come. The flying farmers, the pleasure flyers, the crop dusters, and the 
operators small chartered planes can expected continue the use the 
sectional aeronautical charts. These charts will improved new types 
topographic mapping become available. Meanwhile, the operator the jet- 
propelled aircraft operating over long distances high altitudes and speeds 
many hundred miles per hour becomes less and less interested topo- 
graphic detail this chart, except the take-off and the landing. New 
types charts for use for instrument landing systems are already use. 
The cartographer must constantly strive improve his techniques and 
devise better methods presenting these facilities that the aeronautical 
charts will keep abreast the rapid developments the aviation industry. 
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